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Friction as a Tool for Winter Maintenance

WILFRID A. NIXON

Keeping roads clear of snow and ice during the winter season requires
a considerable expenditure of resources.  Studies suggest that upwards
of $2 Billion is spent on direct winter maintenance activities annually,
and indirect costs could be a factor of ten greater.  Accordingly, it is
important that winter maintenance activities be conducted as efficiently
as possible.  An important step toward efficiency is the development of
quantitative measures of the state of the road surface.  Such measures
would allow determination of the level of activity required to bring the
road surface to a safe condition.  One such measure is road surface
temperature.  Measurements of road surface temperatures have been
conducted for at least twenty years by means of Road Weather Infor-
mation Systems (RWIS).  More recently, truck mounted sensors have
been tested to determine their effectiveness.  While these must still be
considered experimental, their use has been enthusiastically greeted by
some winter maintenance personnel, as providing real time on-the-spot
information that can be of considerable use to operators.  Unfortunately,
temperature alone does not tell the whole story of the condition of a
road surface.  A key component is the road surface friction.  However,
before friction measurements can be used as an objective, quantitative
measure of road surface condition, a number of issues have to be ad-
dressed.  The purpose of this paper is to raise and address some of these
critical issues.

INTRODUCTION

Winter weather poses a significant hazard to road transportation
for many parts of the United States.  Keeping roads clear of snow
and ice is a significant challenge that has been estimated to cost
more than $2 Billion per year.  While this cost is significant, the
service provided is critical from several aspects (1).  Roads must
be cleared of ice and snow rapidly and efficiently both to provide a
safe road surface for the driving public, and to ensure timely deliv-
ery of goods that are carried by road.  This latter point is growing in
importance as “just-in-time” business practice becomes the norm
(2).

Indeed, far from a desire to reduce levels of service to obtain
savings, the trend in recent years from road users has been to de-
mand higher levels of service.  Thus any reductions in maintenance
costs must come from more efficient operations.  One way in which
such savings might be obtained is through using new technology to
allow maintenance crews to “work smarter.”  A number of new
technologies have grown in prominence in the U.S. winter mainte-
nance community since the Strategic Highway Research Program
was conducted, including anti-icing, RWIS, and improved snow
fence design.  Other new technologies are being considered but are

not yet in operational use.  One such technology is the use of fric-
tion measuring devices as a real time measure of road surface con-
dition.

Friction measuring devices have been used for a number of years
to measure the conditions of pavements under wet and dry condi-
tions.  There are a variety of different devices, and the readings
given by these devices can be related by means of the PIARC stan-
dard curve (3).  However, no such standard exists for friction de-
vices used on snow or ice covered pavements.  Indeed, there are
relatively few data available to indicate what friction levels cause
problems for drivers under winter conditions, and how friction lev-
els change as a storm progresses, and as the road is subsequently
treated.  Obviously such information must be developed prior to
friction measuring devices can be used operationally.  However,
discussion of such research uses of friction measuring devices is
beyond the scope of this paper (though see [4], for a discussion of
some of these issues).

The purpose of this paper is to consider how friction measuring
devices might be used operationally, and to define the conditions
under which such use would be beneficial.  The paper will first
consider how the devices might be used, and will then discuss means
by which the costs and benefits of these techniques can be assessed.

OPERATIONAL USES OF FRICTION MEASURING
DEVICES

In order to be an effective tool for winter maintenance activities, a
friction measuring device must provide information that allows
decisions about winter maintenance activities to be made.  This
means that such tools must bring about a change in how winter
maintenance is currently performed.  If such a change does not
occur then the tool cannot bring any new benefits to the process of
winter maintenance.  This is an important factor in determining
how effective friction devices can be.

Since friction devices are not in full operational deployment at
present in any winter maintenance operation at any location world-
wide, it is difficult to say exactly how friction measuring devices
will be used.  However, present discussions seem to indicate they
will be used in one of three ways: As a measure of quality; as a
source of road user information; and as a means of controlling
chemical application.

Friction Devices As A Measure Of Quality

The first envisaged use of friction measuring devices would be to
measure road surface friction as a measure of quality.  Friction de-
vices would be mounted on a few vehicles (for example, supervi-
sors’ trucks).  This usage may become especially prevalent in Fin-
land (Anttalainen, Personal Communication, 1998) as a method of
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ensuring that contractors have performed an adequate job of winter
maintenance over a given stretch of highway.  This has the benefit
of providing a direct and immediate measure of road surface con-
dition, that can then be compared with desired conditions, and appro-
priate action taken if required standards are not met.

For this sort of deployment, direct measurement of savings will
be hard to obtain, but a consistent standard of quality will be at-
tained with such devices.  Additionally, no other method of mea-
suring quality of service seems likely (at this time) to offer such a
consistent and repeatable measure.  However, it should be noted
that at present there is little knowledge about the relationship be-
tween friction levels and safe driving conditions (4). For this usage
to become effective, considerable research is required to link road
friction measurements with perceived and actual road conditions.

Friction Devices As A Source Of Road User Information

The second potential use of friction devices is as a means to pro-
vide information and/or warnings to road users about road sections
in which friction is particularly low.  This use could be achieved by
mounting friction measuring devices on a few trucks within a fleet,
and having these trucks continuously monitoring the road network
for areas of low friction.  If such areas are found, the information
can be relayed (probably by automatic, electronic means) to a cen-
tral location, from which appropriate warnings can be issued.  The
warnings may be issued through variable message signs, or via a
graphical representation of the road system (perhaps on the web or
at rest areas).  Most likely, the information would be included with
issued weather information from RWIS sites.

One concern with this use of friction devices is ensuring the
timeliness of the information.  Typically trucks take three to four
hours (or more) to make one circuit of a route.  Thus, if all roads
within an area were to be covered then information would be up to
four hours old, if all trucks were equipped with the measuring de-
vices.  If only a few trucks or supervisors vehicles have the de-
vices, then data may be even more dated.  Most likely, such a usage
would be confined to limited sections of road, for which low fric-
tion is perceived as a major problem.

Again, for this type of device usage, direct analysis of benefits
and costs is difficult to perform.  This form of usage results in no
direct savings, and considerable additional costs (extra vehicles out
during a storm, and new equipment needed for those vehicles, along
with other infrastructure such as variable message signs).  There
may however be significant indirect savings especially in regard to
reduced accidents.  Use of such a system would require that sites
be chosen for which accident rates in low friction conditions are
high.  It should be stressed that at present no such systems are en-
visaged for deployment, and while all the parts necessary to make
such a system work exist, the concept has not been tested.  Such
field testing is clearly necessary before a full analysis of benefits
can be made.

Friction Devices As A Means Of Controlling Chemical
Application

The third potential use of friction devices is as a controlling input
for chemical delivery systems on board snow plows.  In essence,

the friction device would measure the road surface friction and based
on the value found (and other inputs) would determine how much
de-icing chemical should be applied to the road surface to bring
about a suitable friction level in a desired time frame.

Preliminary measurements of friction on the road surface under
winter conditions (e.g. [5]) indicate that friction can vary consider-
ably over short distances. In one run that they present, measured
under conditions of slush and wet pavement, friction values ranged
between 0.9 as a high and below 0.2 as a low, over a distance of 20
km (12.5 miles).  This variability may well be due to variable road
conditions, and highlights the possible usefulness of such informa-
tion.  The authors suggest that the use of friction limits to deter-
mine salt application could limit the quantity of salt applied.  In
this case, using their suggested standard (heavy salt for values be-
low 0.4, light salt for values below 0.6 and above 0.4) heavy salt-
ing would have been required for 8 km, light salting for a further 6
km, and no salting for 6 km (note: these are calculated from [5], by
the author of this study.  The authors of [5] did not report such
calculations).  Current practice would require the whole 20 km seg-
ment to receive heavy salting.  Assuming heavy salting to be 110
kg/lane kilometer (400 lb/lane mile), and light salting to be 55 kg/
lane kilometer (200 lb/lane mile), a saving of about 990 kg of salt
(for each lane) would have resulted from the current standard of
2200 kg per lane through the segment.  This represents a 45% re-
duction in salt use, which is a considerable saving.  However, it is
not clear that such high levels of savings would always be attain-
able.  Nor, as the authors note, are the levels of friction for different
chemical treatments based on any valid data - they are merely sug-
gested as seeming suitable by the authors.

Nonetheless, such preliminary studies indicate what might well
be the most promising use of such devices.  Reducing salt usage is
of benefit not only for reducing cost, but also for reducing damage
to pavement (due to corrosion of re-bar and subsequent spalling of
concrete).  However, for such an approach to be maximally effec-
tive, it would have eventually to be applied fleet wide, rather than
to just one or two trucks.  Further, there is considerable work re-
quired to determine what friction levels require what amount of
salt under which conditions.  Finally, the usefulness of such an ap-
proach is limited (but not totally negated) if an anti-icing rather
than de-icing approach is used.

As indicated above, the value of such uses of friction devices is
hard to quantify at present, because such devices are not yet fully
deployed.  Nonetheless, a simplified cost benefit analysis may be
performed that gives a preliminary indication of what such devices
should cost to break even.  Such a first level analysis is presented
below.

PRELIMINARY COST BENEFIT ANALYSIS

A simple cost benefit analysis of the use of friction devices to con-
trol chemical applications is given in this section, but it should be
noted that this analysis makes a number of assumptions that are not
currently justifiable.  These assumptions are identified explicitly in
the following:

Assume that the use of friction devices results in a reduction in
the use of chemical de-icers of R%.  This reduction is from a base
level of de-icer usage (i.e. the amount of de-icer used now, without
friction devices) of D tons per year, at a cost of $C per ton.  Thus



88 1998 TRANSPORTATION CONFERENCE PROCEEDINGS

the potential savings of friction devices ($S per year) can be ex-
pressed as:

S=(
R

100
)DC

Thus if 70,000 tons of salt per year are used now, at a cost of $25
per ton, and a full fleet of friction devices in use results in a reduc-
tion of salt usage of 25%, then annual savings are $437,500.  Note
that the assumption of a reduction in salt usage of 25% is highly
speculative.  However, this represents the direct material benefits
of using friction devices.  There may also be labor cost savings,
and there will likely be indirect savings, due to less salt damage of
the pavement, and fewer accidents and delays (because of a higher
level of service).  At present, these additional savings are not con-
sidered.

Of course, the friction devices come with a cost.  If each device
costs $M to purchase and install, and there are F vehicles in the
fleet, then the total cost of installing devices in the fleet ($P) is
given simply as $MF.  Typically, however, such costs are annual-
ized over the lifetime (n years) of the device, by assuming a per-
centage cost of money of i% per year.  This is a standard equation
from economic analysis, and it gives the annual cost ($A) as:

A=P(
( )
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)
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i
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Thus, if a ten year life is assumed for the equipment, with a
percentage cost of money of 5%, a fleet size of 1,000 vehicles and
a device cost of $1,000 per device, the annualized cost (A) is
$129,500.  The benefit-cost ratio (B) of the installation is then cal-
culated as:

B=
S

A

The worked example above gives a ratio of 3.38.  That is, every
dollar spent on friction devices would result in somewhat more
than three dollars in savings.  However, note that costs assumed a
unit cost of $1,000 per device installed, a very low figure given
current costs, and that no account was taken of training costs for
use of the new equipment.  Nonetheless, the example does show a
simple methodology for considering the benefits of such a system.
It also indicates the sensitivity of such analyses to a variety of dif-
ferent factors.

This sensitivity is made more explicit in Figure 1.  This shows
the benefit-cost ratio as a function of the initial device cost for three
different levels of salt reduction (10%, 25% and 50%).  The plot is
linear in log-log space, and shows that if a 25% reduction in salt
usage is achieved, then break-even (a benefit-cost ratio of one) re-
quires an initial cost of around $3,400.  As indicated above, there
are many assumptions in this analysis, and before any great faith
can be placed in such an analysis, considerable research is required
to clarify some of the assumptions.

CONCLUSIONS

The following conclusions can be drawn from this study.
1. Friction devices are being considered for at least three different

modes of use in winter maintenance:  as a measure of quality, as
a source of road user information, and as a means of controlling
chemical application.

2. All three of these uses are not yet operational, and considerable
information is required before their success or otherwise in such
uses can be evaluated.

3. A preliminary cost benefit analysis for friction devices as con-
trols for chemical application has been conducted, but too much
uncertainty exists at present with regard to potential savings for
the results to be of any more than academic interest.  Nonethe-
less, a methodology for conducting such studies in the light of
better data has been established.
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